We investigate the constraints on the anomalous quartic W + W − Zγ gauge boson coupling through the process e − γ → ν e W − Z. Considering incoming beam polarizations and the longitudinal and transverse polarization states of the final W and Z boson we find 95% confidence level limits on the anomalous coupling parameter a n with an integrated luminosity of 500 f b −1 and √ s=0.5, 1 TeV energies. We show that initial beam and final state polarizations improve the sensitivity to the anomalous coupling by up to factors of 2 -3.5 depending on the energy.
I. INTRODUCTION
The Standard Model (SM) has been a pillar of particle physics. It was subjected to many experimental tests but SM has overcome so many of these experimental and theoretical conflicts. In the recent experiments at CERN e + e − collider LEP and Fermilab Tevatron SM of electroweak interactions have been tested with a good accuracy and the experimental results confirms the SU L (2) × U Y (1) gauge structure of the SM. However, Higgs bosons have not been observed and one of the main goals of future experiments is to pursue its trace. SM is largely silent on the issue of the origin of the Higgs boson and many physicists believe that nature might use a more elegant way to accomplish symmetry breaking and mass generation.
These kind of considerations motivate us to keep the trace of a more fundamental theory (new physics) in which SM would be embedded. In writing effective operators associated to genuinely quartic couplings we employ the formalism of [1] . Imposing custodial SU(2) W eak symmetry and local U(1) em symmetry, dimension 6 effective lagrangian for the W + W − Zγ coupling is given by,
where W (i) is the SU(2) W eak triplet, and F µν and W
(i)
µα are the electromagnetic and SU(2) W eak field strengths respectively. a n is the dimensionless anomalous coupling constant. For sensitivity calculations to the anomalous coupling we set the new physics energy
2 ) generated from the effective lagrangian (1) is given by
For a convention, we assume that all the momenta are incoming to the vertex. It should be noted that lagrangian (1) [5] .
In this work we consider the process eγ → ν e W − Z to investigate W + W − Zγ coupling.
This process was analyzed in ref. [1] with unpolarized beams. We take account of incoming beam polarizations and also the longitudinal and transverse polarization states of the final gauge bosons in the cross section calculations to improve the bounds, assuming the polarization of W and Z can be measured [6] .
II. CROSS SECTIONS FOR POLARIZED BEAMS
The process eγ → ν e W − Z takes part as a subprocess in e The spectrum of backscattered photons in connection with helicities of initial laser photon and electron is [7] :
where
Here r = y/[ζ(1 − y)] and ζ = 4E e E 0 /M 2 e . E 0 and λ 0 are the energy and helicity of initial laser photon and E e and λ e are the energy and the helicity of initial electron beam before Compton backscattering. y is the fraction which represents the ratio between the scattered photon and initial electron energy for the backscattered photons moving along the initial electron direction. Maximum value of y reaches 0.83 when ζ = 4.8 in which the backscattered photon energy is maximized without spoiling the luminosity. Backscattered photons are not in fixed helicity states their helicities are described by a distribution :
The helicity dependent differential cross section for the subprocess can be connected to initial laser photon helicity λ 0 and initial electron beam polarization P e through the formula,
Here dσ(λ γ , σ; λ W , λ Z ) is the helicity dependent differential cross section in the helicity eigenstates; σ : L, R, λ γ = +, − and λ W , λ Z = +, −, 0. It should be noted that P e and λ e refer to different beams. P e is the electron beam polarization which enters the subprocess but λ e is the polarization of initial electron beam before Compton backscattering. The integrated cross section can be obtained by integrating the cross section (7) for the subprocess over the backscattered photon spectrum.
The process e − γ → ν e W − Z is described by nine tree-level diagrams. Only the t-channel W exchange diagram contains anomalous W + W − Zγ coupling. The helicity amplitudes have been calculated using vertex amplitude techniques derived in ref. [8] and the phase space integrations have been performed by GRACE [9] which uses a Monte Carlo routine.
In our calculations we accept that initial electron beam polarizability is |λ e |, |P e |=0.8. To see the influence of initial beam polarization, energy distributions of backscattered photons f γ/e are plotted for λ e λ 0 =0, -0.8 and +0.8 in Fig. 1 . We see from the figure that backscattered photon distribution is very low at high energies in λ e λ 0 =+0.8. Therefore we will only consider the case λ e λ 0 < 0 in the cross section calculations. Moreover the Feynman diagram containing anomalous W + W − Zγ coupling is a W exchange diagram with a W eν e vertex.
Due to V-A structure of the W eν e vertex, dσ(λ γ , L; λ W , λ Z ) is more sensitive to anomalous coupling than dσ(λ γ , R; λ W , λ Z ). So we will consider the case in which P e =-0.8 (see eq. (7)).
One can see from anomalous coupling. For instance in Fig. 2 cross section at the polarization configuration (λ W , λ Z )=(LO,LO) increases by a factor of 3.6 as a n increases from 0 to 1. But this increment is only a factor of 1.2 in the unpolarized case.
In Fig. 4 longitudinally polarized total cross sections are plotted as a function of anomalous coupling a n for different initial beam polarizations. Center of mass energy of the e + e − system is √ s = 0.5 TeV. We see from the Fig. 4 the effect of initial beam polarizations on the deviations of cross sections from the SM. 
III. ANGULAR CORRELATIONS FOR FINAL STATE FERMIONS
with massless fermions f 1 ,f 2 ,f 3 ,f 4 . Here σ and λ γ are the incoming electron and photon helicities;σ, λ W and λ Z are the outgoing ν e , W − and Z helicities. σ i represent the helicities of final fermions f i orf i .
The full amplitude can be expressed as follows: (9) where 
where θ and φ are polar and azimuthal angles in the W − rest frame with respect to z-axis defined to be the W − boson direction in the e + e − center of mass frame (lab. frame). W − rest frame is defined by a boost of the e + e − center of mass frame along the z-axis. In this rest frame M 2 decay amplitude is given by
In the Z rest frame we parametrize four-momenta of f 3 andf 4 as
whereθ andφ are polar and azimuthal angles in the Z rest frame with respect toz-axis defined to be the Z boson direction in the e + e − center of mass frame. In the Z rest frame M 3 decay amplitude is given by
with
where C V and C A are usual vector and axial vector couplings.
Polarization summed squared matrix elements are given by
In this equation summation over repeated indices (λ W , λ
are the decay tensors for W and Z boson respectively. They are defined by
Now let us write down the differential cross section :
Using narrow width approximation it is straightforward to express the differential cross section as
After integration over azimuthal angles φ andφ interference terms will vanish and only the diagonal terms λ W = λ ′ W and λ Z = λ ′ Z will survive. It is now straightforward to write differential cross section in the form:
Here dσ 1 (λ W , λ Z ) is the helicity dependent production cross section, B(W → lν l ) and 
It is difficult to identify nine different polarization configurations of the production cross section but it is sensible to claim that longitudinal (LO) and transverse (TR) polarizations can be identified [10] . Thus we define the following cross sections:
and
For fixed W and Z helicities above cross sections can be obtained from a fit to polar angle distributions of the W and Z decay products in the W and Z rest frames . To be precise for λ W = ±1, 0 polarization states of final W, production cross sections dσ 1 (±, λ Z ) and dσ 1 (0, λ Z ) can be obtained from a fit to d There have been several experimental studies in the literature for the measurement of W polarization [6] . It is reasonable to assume that Z polarization can be accessible in a similar manner. At lepton colliders systematic uncertainties are expected to be lower than hadronic colliders. For this reason in our calculations we will ignore the uncertainties associated to the determination of the polarizations of final state gauge bosons.
IV. LIMITS ON THE ANOMALOUS COUPLING PARAMETER
A detailed investigation of the anomalous couplings requires a statistical analysis. To this purpose we have obtained 95% C.L. limits on the anomalous coupling parameter a n using χ 2 analysis at √ s = 0.5, 1 TeV and integrated luminosity L int = 500 f b −1 without systematic errors. The number of events are given as N = AL int σB W B Z where A is the overall acceptance and B W and B Z are the branching ratios of W and Z boson for leptonic channel.
The limits for the anomalous W + W − Zγ coupling are given on Table I On Table II and III the initial beam polarizations are also taken into account. One can see from Table II that polarization configurations (λ 0 , λ e , λ W , λ Z )= (1, LO, LO) or (1, LO, TR+LO) improves the limits by a factor of 2. Increase in energy highly improves the limits. At √ s = 1 TeV the most sensitive polarization configuration is (λ 0 , λ e , λ W , λ Z )= (1, LO, LO) and this configuration improves the limits by a factor of 3.5.
Anomalous W + W − Zγ coupling was studied in ref. [1] through the same process e − γ → ν e W − Z with unpolarized beams. Using statistical significance authors set 3σ bound of (-1.2, 0.74) on the anomalous W + W − Zγ coupling parameter a n with an integrated luminosity of 10 f b −1 and √ s=0.5 TeV energy. In order to compare our results with the results of ref. [1] we have calculated 3σ significance bounds with an integrated luminosity of 10 f b −1 and √ s=0.5 TeV energy. For unpolarized beams we have confirmed the result of ref. [1] . The most sensitive results are obtained at the polarization configurations (λ 0 , λ e , λ W , λ Z )= (1, LO, LO) and (1, LO, TR+LO) . 3σ significance bounds for the polarization configurations (λ 0 , λ e , λ W , λ Z )= (1, LO, LO) and (1, LO, TR+LO) are given by (-0.59, 0.42) and (-0.63, 0.38) respectively. Therefore polarization improves the significance bounds of a n approximately a factor of 1.92 for integrated luminosity L int = 10f b −1 and √ s=0.5 TeV.
The eγ mode of ILC with luminosity L int = 500 f b −1 probes the anomalous W + W − Zγ coupling with far better sensitivity than the present collider LEP2 experiments. It improves the sensitivity limits by up to a factor of 10 4 with respect to LEP2. This is comparable with the limits which are expected to be obtained at CERN LHC [5] . 
